Purpose: to evaluate innovative educational strategies that help optimize ophthalmology teaching in a crowded medical curriculum. the knowledge acquisition and perceptions of medical students undertaking the revised competency-based curriculum were compared with the prior content-based curriculum within the Sydney Medical Program.
M edical student curricula have become crowded with the explosion in new knowledge and the increasing subspecialization of medicine. the challenge is how to administer a comprehensive curriculum that provides a basic science foundation for the clinical sciences along with a comprehensive education in clinical reasoning and decision making. in addition, the curriculum needs to provide the graduate with the skills to continue acquiring and refining knowledge throughout their medical careers to ensure they are self-regulated learners. Most medical curricula provide coverage of the different specialties in rough proportion to the clinical demands that occur in clinical practice, whether it is primary care or hospital-based care. Competency-based medical education groups core competencies into the following areas: medical knowledge, clinical skills and patient care, scientific and clinical inquiry, professionalism, interpersonal and communication skills, systems of health care, and continuous improvement of care through reflective practice. Specific to ophthalmology, the international Council of Ophthalmology, which represents over 100 national societies of ophthalmology, published a list of competencies that all medical students should demonstrate, along with conditions that graduates should be able to diagnose and initiate an appropriate treatment or referral plan for.
2 the association of university Professors of Ophthalmology MedEd task Force has also approved core knowledge and skills competencies, 3 and the royal College of Ophthalmologists provides guidance on competencies for undergraduate ophthalmology teaching. 4 Ophthalmology falls into one of the smaller specialties and as such is allocated a smaller component of the total curriculum. Eye health problems represent a significant burden, with age-related macular degeneration (aMd) affecting up to 30% of people over the age of 70 and glaucoma incidence increasing from 1-10% between the ages of 50 and 80 years. diabetes is the commonest cause of blindness in the working age population; whereas cataract surgery is one of the most common operative procedures performed in medicine, and developmental and pediatric eye disease inflict a lifelong burden on the affected individual.
5-7 thus, an understanding of eye health care is an essential skill that graduating doctors must acquire. the challenge is to provide effective teaching within an already crowded curriculum. Ophthalmology teaching for medical students has decreased 5, 8 or has even been eliminated altogether, 5,9,10 which can result in decreased knowledge.
although there is a general consensus that teaching undergraduate ophthalmology is important, there are variations in the curriculum time and content in medical schools. 11 Fan et al highlighted a significant lack of uniformity in ophthalmology teaching across australian medical schools.
12 this lack of uniformity in ophthalmic teaching is common in medical schools around the world. 7, 10, 11, 13 this study was designed to systematically evaluate ophthalmology teaching outcomes by exploring and analyzing medical students' academic performance and educational experience in the revised ophthalmology curriculum. an assessment of the success of ophthalmic education may assist in refining the allocation of time and resources to other disciplines in a crowded curriculum. this was the first study in australia to examine a new curriculum component covering all aspects of ophthalmology in comparison with its predecessor, including a shift from a content-based to a competency-based curriculum. the ultimate goal of this research was to ensure that medical students enter the clinical workplace well equipped to provide quality eye care to their future patients.
Materials and Methods revised Curriculum overview
in response to the challenges described, the ophthalmology curriculum at Sydney Medical School, the university of Sydney has undergone significant revision. the aims of the curriculum review were to improve the teaching program in existence, enable all students to have a comprehensive core experience, and enhance the links between ophthalmology and other medical disciplines, thus expanding the time available for eye health issues in shared experience. integration was central to the curriculum framework, with the ophthalmology medical student logbook facilitating use in general practice, endocrine, and accident and emergency attachments. the logbook was designed for the students to examine a minimum of 35 patients. the range of patients required to be reviewed is equivalent in our setting to approximately 7 clinic days and provides the framework for clinical skills to be recorded along with exposure to important clinical cases.
the logbook provides guidance for the minimum clinical exposure, which is grouped into common causes of blindness (aMd, cataract, diabetic eye disease, glaucoma-a minimum of 5 for each condition), common ophthalmic emergency department presentations (red eye, trauma, acute visual loss-a minimum of 15 cases), visual acuity measurement in 5 patients, and ophthalmic surgery observation (including 1 cataract operation).
Competency skills were assessed as part of the logbook. the students demonstrated their ability to use the common ophthalmic examination tools, including Snellen chart, direct ophthalmoscope, and slit lamp, for the cases recorded in the logbook. a fail grade was awarded if the logbook was not completed.
the time allocated to ophthalmology is relatively short, yet the basic skills of history taking, approach to clinical examination, formulation of differential diagnosis, and development of clinical management plans gained during other clinical rotations can be utilized and enhanced during the ophthalmic experience. a standardized self-directed competency-based core curriculum was designed and implemented. Basic science lectures included anatomy and physiology of the visual pathways; an impact of blindness symposium enabling the basic visual sciences to be placed into a clinical context was conducted in year 2. Clinical ophthalmology teaching occurs during stage 3, which extends over years 3 and 4 of the program. the timetable allocation is variable, with rotations consisting of between 3 and 10 days. this is because the delivery of the timetable is dependent on the students' clinical school, which also varies by geographical location. to further enhance the ophthalmic curriculum, a Virtual Ophthalmology Clinic 14 was implemented where students could hone their history-taking skills and clinical reasoning skills to complement their clinic time.
Equity of student access across different clinical schools, including rural locations, was addressed with implementation of the logbook, web-based online lectures, and self-directed learning activities. the logbook enables the student and teacher to focus on the clinical cases that form the core competencies for a medical graduate in ophthalmology. these are supplemented by tutorials delivered by each clinical school based on their own perceptions of need. Each teaching component was subsequently evaluated. a summary of the changes in the ophthalmic curriculum is shown in table 1.
the majority of rotations were in teaching hospitals, eye clinics in rural locations, or private ophthalmic consulting rooms. the online resources provided equal access to the same material for all students. Previously, the material presented depended on the local staff in each of the centers. evaluation a mixed-methods research approach was employed to draw upon the strengths of both quantitative and qualitative dimensions in evaluating the revised ophthalmology curriculum. Evaluation included gathering data using 2 primary means of measurement:
(1) ophthalmic knowledge-based pre-test and post-test and (2) end-of-rotation ophthalmology satisfaction survey.
the 20-item multiple choice ophthalmic knowledge preand post-tests were administered before and immediately after the students' clinical rotation and a follow-up test was readministered 12 months later to determine the long-term retention of ophthalmic knowledge. the questions were designed to gauge the students' understanding of ophthalmic principles, including history taking, interpretation of examination, management of common eye disorders, and clinical reasoning. the content assessed was based on the common causes of vision impairment in the region, acute causes of vision loss, and common ocular presentations to primary care. Both curricula had as core outcomes knowledge about these key areas, so the test was appropriate for both teaching environments. the test was not specifically designed for the new curriculum.
Qualitative questionnaires were designed with reference to literature on questionnaire wording skills. the questionnaires were administered at the end of the basic science and introductory clinical teaching for the original and revised curriculum and after the clinical attachment in stage 3. Each item had a 5-point likert scale. additionally, an open section for comments was provided after each question.
statistical analysis
Paired t test was used to compare pre-and post-test scores. Scores from the original curriculum were compared with scores from the revised curriculum using independent t tests. Statistical analyses were carried out using SPSS software (version 20). 
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Quantitative analysis
Evaluation of the academic performance in the original clinical ophthalmology clerkship resulted in a 19.9% increase from pre-to post-test scores [2.15; 95% confidence interval (Ci), 1.35-2.94; P < 0.001]. a significant improvement of 31.6% was observed among students undertaking the revised curriculum (3.50; 95% Ci, 3.0-4.0; P < 0.001). Changes in scores from pre-to post-test were computed and compared between the 2 curricula. the change was significantly higher in the revised curriculum (mean difference, 1.35; 95% Ci, 0.49-2.21) compared with the original curriculum (P = 0.002). the 12-month follow-up test confirmed that students from the revised curriculum scored 11.5% higher than students from the original curriculum (table 2; 1.56; 95% Ci, 0.42-2.71; P = 0.008).
Qualitative analysis
the results showed a strong overall consensus that students across all clinical schools consider the study of ophthalmology an important clinical discipline in the medical curriculum and understand the importance of an eye examination in medical practice. Students valued their ophthalmic skills, as they found these skills could be applied to other specialties, which is critical in a crowded medical curriculum.
Students ranked the following skills from easiest to most difficult to master: assessing visual acuity, visual fields and pupillary function, use of slit lamp and ophthalmoscope. a critical evaluation of clinical teaching is a student's ability to link theory and practice. the results showed that students could see the relationship between the ophthalmology basic science lectures and clinical ophthalmic practice. However, although students were highly satisfied with the quality of teaching throughout their rotation, they did feel that more time was needed for the ophthalmology rotation. disCUssion there are clear gaps in ophthalmology attachments throughout the world, and basic ophthalmology skills training must be included in medical school curricula to assure that graduates are well equipped to diagnose and manage common eye disorders encountered throughout their clinical careers. the aim of this study was to analyze the effects of the implementation of a competency-based curriculum as compared with the previous contentbased curriculum. at Sydney Medical School, the ophthalmology curriculum resources are a combination of faculty-developed content, along with resources developed by health departments and the international Council of Ophthalmology. teaching begins in the second year, providing students with a foundation in basic visual sciences and clinical examination skills. these skills are reinforced during the students' clinical years.
Quantitative analysis of the Clinical ophthalmology attachment
Only a small number of other studies have reported on the effectiveness of medical student ophthalmic education. However, many of these studies were conducted 30 to 40 years ago when curriculum structure and time, amount of knowledge, and clinical outcomes in ophthalmology were very different. the paucity of studies and the lengthy time since they were performed reflects the need for studies such as ours to provide an up-to-date assessment of modern ophthalmic teaching and learning practices.
this study revealed a greater improvement in academic performance after completion of the revised competency-based curriculum. this reinforces the strategies used to enhance ophthalmic education in an already crowded curriculum (table 1). this enhanced learning persisted when the students were re-evaluated 12 months after the completion of their attachment.
Our quantitative results were comparable to those of Farrell et al 15 who looked at problem-based learning in ophthalmology with a single facilitator. their group conducted pre-and post-tests and found a statistically significant gain but did not conduct a long-term follow-up study. Similarly, a number of other studies have shown an improvement in ophthalmic knowledge immediately after an ophthalmology rotation or intensive educational intervention. 8, 16, 17, 18 However, these results are not surprising, as the evaluation of knowledge occurred at the conclusion of the interventions. a better assessment of educational interventions is to evaluate long-term knowledge. Our study evaluated students' knowledge 12 months after their educational experience. the improved retention of ophthalmic knowledge at 12 months for students who had undertaken the revised curriculum provides stronger evidence that the components in the revised curriculum do enhance ophthalmic education.
strategies to optimize ophthalmology teaching in a Crowded Curriculum despite the relevance of ophthalmology in medical practice, a majority of graduate medical practitioners across different nations do not feel they have received adequate undergraduate ophthalmic medical education.
19-21 Our evaluation showed that more teaching time is desirable. this is similar to studies from other countries.
19-22 the international task Force on Ophthalmic Education of Medical Students recommends a minimum of 40-60 hours or 5-8 days of exposure. the task force strongly recommends that ophthalmic education should not be limited to the formal classroom setting but also take place in the clinic and operating room. 2 the question then arises of how to optimize ophthalmology teaching in limited time. the medical program is already crowded, thus strategies are needed to maximize the effectiveness of teaching ophthalmology. the design of a curriculum needs to be based on evidence to determine the optimal teaching in limited time. Structured competency-based curriculum elements need to be implemented in addition to self-regulated learning and experiential elements. it is critical to develop a curriculum that enables students to become self-regulated learners and transfer their clinical skills and knowledge into practice. One component that assists in optimizing ophthalmology rotations is a logbook. dolman et al 23 identified an integrated student logbook as an important tool useful to both clinical coordinators and students.
given the gradual decline of ophthalmic education in the standard medical school curriculum, 24 our study is timely in helping to address challenges by offering strategies to standardize and improve ophthalmic education in medical schools. the Sydney Medical School revised curriculum addresses issues of varying time allocation and resources by enhancing the traditional curriculum with self-directed learning tasks (logbook and problembased learning activities), integration of ophthalmic tasks into related disciplines, and distributed access to education resources to provide an educational experience equivalent to 2 weeks. the curriculum content forms the foundation for medical student teaching in ophthalmology and provides students with sufficient numbers and variety of ophthalmic cases to enable them to be confident and competent in recognizing and initiating management in ophthalmic presentations.
these changes resulted in improved and sustained academic outcomes supporting the inclusion of these elements in an ophthalmology curriculum. the competency-based cohort demonstrated and retained higher knowledge acquisition than previous graduates from the content-based curriculum alone. these results show a real-world outcome for ophthalmology medical student assessment. the 12-month retention data perhaps provides evidence of less loss of knowledge with the new curriculum. this assists in developing program enhancements to further improve ophthalmic knowledge and ultimately, the delivery of eye health care. 
